Weighting of silk fabrics have long been practiced in silk fabric trading based on the primary consideration of price-weight, and secondary one of quality improvement in handle, luster, and drape properties. Recent trend of practicing weighting of silk fabrics is, however, focused on the improvement of the handle, luster, drape, andother properties. During the finishing processes of synthetic fiber, nylon, comprising amide structure, include the use of tannic acid, especially in the dyeing. A multitude of studies are being implemented in terms of improving fastness to washing, fastness to light of dyed nylon product, or the light fastness of nylon 6 itself. In this study, the effects of various tannic acid treatments on the physical properties related to the handle of nylon 6 and silk fabrics are examined and reviewed. The effects of treatment condition of the tannic acid, e.g., the concentration of the aqueous tannic acid solution, treatment time, and temperature were investigated. As the concentration of the aqueous solution of tannic acid increased, the bending rigidity values of the silk and nylon 6 fabrics increased. The treated fabrics felt stiff to the touch. Within the mild conditions of bending employed in the bending measurement of KES, nylon 6 treated fabric specimen exhibited a trend of improvement of bending resiliency within the range of small bending deformation. The weight of treated fabrics have all increased. The air-permeability values decreased as the treatment concentration increased. However, the decrease tendency of air permeability values may be alleviated by adjusting the fabric count during the tentering or expanding processes, either by tension adjustment or heat treatment. Optimum conditions of the treatment for nylon 6 are 1.25% tannic acid concentration, bath temperature of 85 , pH 3.1, and those for silk ℃ fabric treatment are 1.25% tannic acid concentration, bath temperature of 85 , pH 3.1. ℃ The treatment conditions will lead to the improvement in the properties of fabrics for summer.
I. Introduction
. Silk has been one of the preferred textile materials for high quality fabrics with excellent appearance and hand, such as luster, smoothness, and scrooping sound. However, since the silk filament fiber is so thin that it has mostly been employed in thin textile product varieties. In order to endow the silk fabric with adequate weight, thickness, hand, and luster, numerous studies have been implemented in the sector of textile finishing process. Since silk has good affinity for a few metallic salts, the weight lost in the degumming process may be compensated by treating the silk fiber or fabric in a solution of the metallic salts, including Sn, Fe, and Pb (Um et al., 2001) . This after-treatment process is called "weighting." With the recent trend of environment friendliness prevalent in the textile and fashion industries, the need for textile finishing based on the materials originated from 'nature' or non-toxic sources has been emerging(. Nowadays, the focus of the weighting process of silk has shifted toward improving hand (Brand, 1964) , luster, and drape properties departing from the past notion of 'weight increasing' of silk. Tannin, or tannic acid, together with metallic compound, has been applied traditionally in the weighting of silk. Tannic acid is one of biologically active polyphenols imparting antivirus, antioxidizing properties to the treated textiles (Albu et al., 2009) . Considering the biodegradability, long-term human safety, and compatibility with the environment (Kim et al., 2013) , also from the view point of 'sustainability', tannic acid alone, without the metal compound (Burkinshaw, & Bahojb-Allafan, 2004) , was employed in this study.
Plain weave silk fabric, such as Habutai, is usually lustrous and soft to the touch. Nylon filament plain weave fabric is also smooth and soft, sometimes too pliable for the usage as outerwear. With the treatment of silk fabric in a tannic acid aqueous solution, the silk fiber thickness increases by absorbing tannic acid together with the fabric weight increase (Pantoja-Castro & González-Rodrígueza, 2012) .
The treatment causes changes in the internal structure of the silk or nylon fiber, such as hydrogen bond formation between the tannic acid and the fiber molecules (Albu et al., 2009) . With these changes, the hand of the treated fabric may be adjusted by imparting some degree of stiffness, either bending or shearing, to the soft or pliable silk or nylon fabric. Since this process, however, accompanies coloration of the fabric, it is not usually employed for manufacturing of the white, pale, or brilliant colored silk products (El-Gabry, & El-Zawahry, 2008) .
In this study, the effects of tannic acid treatment on the hand-related physical/ mechanical properties of silk and nylon fabrics, such as stiffness, bending, shear properties, and air permeability are investigated. Tannic acid treatments of silk and nylon fabric specimens under various conditions, such as tannic acid concentration of aqueous solution, pH, and time, are implemented in order to measure and understand the property changes accompanying the treatments along with the weighting effects.
II. Experiments
Aqueous solution of the tannic acid was prepared with several concentration levels, and pH's (Vankar, Shanker, & Verma, 2007) . Plain weave filament type nylon 6 and silk fabric 
Physical basic property measurements

1) Weight increase(%)
The fabric weight increase after the tannic acid treatment is calculated as (eqn. 1):
where  tan  = dry fabric weight after tannic acid treatment,    = dry fabric weight of control specimen.
Fabric specimen was dried using a drying oven with temperature of 110 for 30 minutes. ℃ 2) Drape stiffness and flex stiffness 
where  is the measured angle.
6) SEM observation and FT-IR analysis
A SEM(Hitachi FE-SEM, Model SU8010) and FT-IR(Bruker, Hyperion 3000) were used to observe the surface morphology and molecular structure information of treated fabric specimens.
KES-FB system: hand-related physical/mechanical properties
The physical and mechanical properties of fabrics, related to the hand of textile fabrics, including tensile, bending, shearing, surface texture, and compression parameters, were measured, using the KES-FB system. Table 3 , when the pH increases toward neutral, the weight increase(%) shows tendency of decrease for nylon 6 and silk fabric specimens. As the treatment time increases the weight increase(%) increases ranging from 16.2 to 23.3% for nylon 6, 14.5 to 16 for silk fabric specimens. Figure 1 shows the difference between the nylon 6 and silk fabric behavior. The effect of treatment on the thickness change for nylon 6 is remarkable compared to that of silk fabric specimens. Tannic acid treatment under lower pH value increases the thickness change of the nylon and silk fabric specimens. Figure 2 shows the flex stiffness change of the treated fabric specimens. The nylon 6 fabric specimens exhibit much higher flex stiffness than silk fabric specimens. The feeling of nylon 6 fabric specimen treated under pH 3.1 with longer treatment time seem too stiff when the fabric specimen is felt by hands.
Nylon 6 pH 3.1 pH 4.6 Silk pH 3.1 pH 4.6 Therefore, 3% concentration tannic acid treatment seems too high for nylon 6 fabric specimens under the given conditions, while the concentration level does not seem that high for the silk fabric treatment. Therefore, from the results, the concentration level was lowered for the treatment of silk and nylon 6 together. Table 4 shows the effect of tannic acid concentration, 0.75%, 1.0%, and 1.25%, on the physical properties of treated fabric specimens.
The weight increase(%) levels are lowered than the previous series of experiment, resulting in 9. 2 to 12.3% for nylon 6, 8.7 to 12.5% for silk fabric specimens. SEM images (Figures 5,6 ) of the nylon 6 fiber shows that the tannic acid treatment changes surface of the nylon 6 filaments by leaving minor surface deposits probably by the tannic acid molecules. SEM images (Figures 7,8 ) of the silk fiber shows that the treatment induces some fibrillation of the silk fibroin on the surface after the tannic acid treatment. The amount of fibrillation, however, does not seem to be very critical to the fiber morphology in general.
KES-FB: Hand-related physical/mechanical properties
Hand-related physical and mechanical parameter analysis results, measured by KES-FB system, are shown in Table 5 . The results are grouped into tensile, bending, shear, surface, and compression. In tensile properties, the higher EM value, the higher the specimen extensibility. As the tannic acid concentration increases, the extensibility decreases, which also results in higher bending stiffness, as shown in bending. Nylon 6 specimen treated with 1.0%, or 1.25% solution shows almost 3 or 4 times(0.099, or 0.133 gf․ cm) the bending rigidity value of Nylon 6 control (0.032). Figure 9 shows the shear rigidity curve against the shear deformation angle between 0 to 8 degrees. As the diameter of fiber increases with the tannic acid adsorption during the treatment, the mobility of the warp/filling yarns comprising the fabric becomes limited, resulting in higher shear rigidity value. Further calculation of the ratio between 2HG against G shows that 0.344 for N6 1.0%, 0.221 for N6 1.25%, while that of N6 Control is 1.89, leading to a speculation that during the apparel's movement with the wearer tannic acid treated fabrics would show livelier behavior than the control fabric, since the hysteresis, indicative of energy lost during recovery, against shear rigidity is much less. Table 6 shows the KES results for silk fabrics. Similar data trend holds for the silk fabrics. The EM values of tannic acid treated silk fabric is lower than that of control silk fabric. However, the drastic change shown by the nylon 6 treated fabrics is not shown by the silk fabrics.
In Figure 10 , shear rigidity of the treated silk fabric is higher than that of the control silk fabric with less conspicuous difference than the nylon 6 counterparts. Figure 11 shows the FT-IR spectra of nylon 6 control and tannic acid treated fabric specimens.
FT-IR analysis of the treated fabrics
It is reported that in the case of nylon, the peak intensity at 1640㎝ -1 is attributable to Amide I ( C=O stretch), and 1545㎝ -1 to Amide II, C-N stretch, and C(O)-N-H bend (Na et al., 2009; Wu et al., 2004) . The intensity of strong peak at Amide I or Amide II position diminishes by the tannic acid treatment. Figure 12 shows the FT-IR analysis results of silk control and tannic acid treated silk fabrics.
The peak intensity at 1,615~1620㎝
-1 , representative of Amide I structure (Tirpak, & Sibilia, 1973) , decreases compared to the control fabric's with the increase of treatment concentration of tannic acid. It may be inferred that the increase in hydrogen bond amount between the tannic acid and silk fibroin molecules diminishes the peak intensity at amide I structure.
IV. Conclusion
As the concentration of the aqueous solution of tannic acid increased, the bending rigidity values of the silk and nylon 6 fabrics increased. The treatment conditions will lead to the improvement in the properties of fabrics for summer use.
